☆ Development of an evidence-based modular training pathway for use by urology fellows in robot-assisted radical prostatectomy.
OBJECTIVE: Effective training is paramount for patient safety. Modular training entails advancing through surgical steps of increasing difficulty. This study aimed to construct a modular training pathway for use in robot-assisted radical prostatectomy (RARP). It aims to identify the sequence of procedural steps that are learnt before surgeons are able to perform a full procedure without an intervention from mentor. DESIGN: This is a multi-institutional, prospective, observational, longitudinal study. We used a validated training tool (RARP Score). Data regarding surgeons' stage of training and progress were collected for analysis. A modular training pathway was constructed with consensus on the level of difficulty and evaluation of individual steps. We identified and recorded the sequence of steps performed by fellows during their learning curves. SETTING AND PARTICIPANTS: We included 15 urology fellows from UK, Europe, and Australia.
RESULTS: A total of 15 surgeons were assessed by mentors in 425 RARP cases over 8 months (range: 7-79) across 15 international centers. There were substantial differences in the sequence of RARP steps according to the chronology of the procedure, difficulty level, and the order in which surgeons actually learned steps.
Steps were not attempted in chronological order. The greater the difficulty, the later the cohort first undertook the step (p ¼ 0.021). The cohort undertook steps of difficulty level I at median case number 1. Steps of difficulty levels II, III, and IV showed more variation in median case number of the first attempt.
We recommend that, in the operating theater, steps be learned in order of increasing difficulty. A new modular training route has been designed. This incorporates the steps of RARP with the following order of priority: difficulty level 4 median case number of first attempt 4 most frequently undertaken in surgical training.
CONCLUSIONS: An evidence-based modular training pathway has been developed that facilitates a safe introduction to RARP for novice surgeons. ( J Surg Ed ]:]]]-]]]. J C 2016 Association of Program Directors in Surgery. Published by Elsevier Inc. All rights reserved.)
INTRODUCTION
Increasing emphasis is placed on developing validated, feasible, and effective training and assessment methods to maximize patient safety while exploiting the benefits offered by robot-assisted surgery (RAS). Combined with reduced time available for training, the efficiency of training has become of increasing importance. This has resulted in the introduction of simulation and of modular training. 1 Modular training refers to progression through surgical steps of increasing difficulty, moving onto more advanced steps once competence has been attained in more straightforward ones. 2 At present, there is a lack of procedure-specific guidance adopting a modular approach. Robot-assisted radical prostatectomy (RARP) is an indexed procedure within the specialty, worthy of evidence-based, well-developed, validated training and assessment methods. The technical and nontechnical skills required are imperative for the procedure, yet they can also be translated across to other specialties.
This study sought to construct a modular training pathway for RARP using principles that can be used to construct similar pathways in different operations and specialties. To do so we aimed to:
(1) Determine how surgeons progress through training for RARP at present. (2) Determine the relationship between the difficulty of a procedural sub-step, when it is first undertaken in training, and the frequency with which it is performed. 
METHODS

Study Design and Participants
The study was conducted at an international, multiinstitutional level with a prospective, observational, longitudinal design. The participants recruited were 15 urology fellows and their mentors from across Europe and Australia. There was no requirement for Institutional Review Board approval.
Process
Fellows progressed through the ERUS training curriculum using the 17-step RARP Assessment Score for training and progression assessment ( Fig. 1 ). 3, 4 This has previously been validated for use by expert urology surgeons and fellows. Fellows' technical proficiency was scored by their mentor each time they performed a step of RARP in the operating room. At the end of the study period, results were analyzed to examine patterns in training demonstrated by the fellows.
Comparison was made to identify differences between recommendations from the literature and training pathways undertaken in practice.
Outcomes
Outcomes of interest were in the order of RARP steps as recommended by the literature according to the difficulty level, the total number of attempts of each step of RARP by the 15 fellows, and the case number at which each step was undertaken for the first time by fellows. Difficulty level was derived from the RARP Assessment Score where previously it had been designated by expert surgeons and undergone extensive content validation reaching a consensus. These parameters were used to formulate a modular training pathway using evidence from the literature and from the reality of the practice of the 15 fellows.
Statistical Analysis
SPSS version 22 was employed by this study (IBM Corp., Armonk, NY). Descriptive statistics were used to report results on patterns of training practice. Median case number and inter-D for when steps were first attempted were noted. A p o 0.05 was taken as statistically significant.
RESULTS
Descriptive Statistics
After 425 RARP procedures, 15 urology fellows had attempted all steps of RARP ( Table 1 ). All steps except steps 3 (laparoscopic adhesiolysis-86.7%), 7 (stitching and division of the dorsal venous complex-86.7%), 9 (posterior bladder neck transection-86.7%), and 17 (lymph node dissection-80.0%) had been done by all surgeons. The step performed most frequently was step 4: initiation of the console (372 cases), and the least practised was step 17: lymph node dissection (82 cases). The maximum number of attempts of a step of RARP by any 1 fellow was 79 (step 4: initiation of the console, step 2: pneumoperitoneum and port placement, and step 1: robot setup and patient positioning). The minimum number of attempts of a step by a fellow was 16 (step 13: apical dissection of the prostate, step 3: laparoscopic adhesiolysis).
Identification of Procedural Steps in a Chronological Manner
We used the steps of RARP as described in the RARP Assessment Score in chronological order within the procedure ( Fig. 1 ). 4 Observation was made of the chronological order of steps of RARP, their difficulty (as designated in the literature), and the order in which the study population undertook them.
Relationship Between the Difficulty, First Attempt, and Frequency of Performance
On grouping steps of RARP according to difficulty level as rated by ERUS, it was apparent that there were differences between that and the chronological order of steps within a RARP procedure. Case number at which the cohort of fellows first attempted each step is reported in Table 2 . At least 1 fellow attempted each step on his or her first case of RARP in the study. The step with the latest first attempt by a surgeon was step 7: stitching and division of the dorsal venous complex.
Steps of RARP were examined for the median case number at which they were first attempted by the cohort of fellows (Fig. 2 , Table 3 ). Steps with difficulty level I were all undertaken at a median case number 1. Steps of difficulty levels II, III, and IV showed more variation in the median case number of the first attempt. A Kruskal-Wallis test showed that the greater the difficulty, the later the cohort undertook the step for the first time (p ¼ 0.021).
Additionally, there was a statistically significant relationship between difficulty of step and total number of attempts by fellows (χ 2 ¼ 11.08, p ¼ 0.011); more difficult steps were undertaken less frequently.
Construction of a Modular Training Pathway
There was a difference among the order of steps as ranked by chronology within the RARP operation, difficulty of procedural steps, and the order in which participants undertook their training.
To construct a modular training pathway, the steps of RARP were ordered using the aforementioned parameters with the following order of priority: difficulty level 4 median case number of first attempt 4 most frequently undertaken in surgical training. The proposed pathway is illustrated in Figure 3 .
DISCUSSION
This study has developed a modular training pathway for RARP by integrating the theoretical basis of surgical training with how surgeons operate in practice. Using an international, multi-institutional, prospective, observational, longitudinal study design, a 5-step pathway was constructed incorporating 17 procedural sub-steps of RARP. The pathway accounts for the theoretical difficulty of each step, progressing from easier to more challenging steps. It also uses evidence on how 15 urology fellows progressed through 9 months training, as assessed by the RARP Assessment Score 4 (Fig. 1) .
With the rise in RAS, it is imperative that surgical training adapt accordingly to exploit the benefits of the technology while protecting patient safety. Gone are the days of "see one, do one, teach one," instead there is greater recognition of the discrete intricacies required by both technical and nontechnical skills. [5] [6] [7] [8] There is increasing evidence for the distinct training and assessment tools for the enhancement of each skill domain in surgeons. 9, 10 Methods include didactic teaching through lectures or online materials and simulation training in a dry-lab, wetlab, or virtual reality setting. This precedes progression to supervised operating in theater, eventually with the capacity to perform a full procedure to a competent standard. 11 There exist several curricula for RAS, though many are in the early steps of development or validation. 12 Thus, there is a lack of standardization in surgical training and a need for valid, feasible, acceptable training that has educational impact. 3, 13, 14 Stolzenburg et al. 2 have developed a modular training pathway for laparoscopic extraperitoneal radical prostatectomy. The authors accounted for the difficulty of 12 individual steps. Their study investigated the effects on technical skill of using a modular training pathway grounded on difficulty alone.
This study sought to develop a pathway based both on technical difficulty and also on objectively observing how 15 fellows were guided by their mentors to participate in the 17 different steps of RARP over time. Variation was exhibited in the case number at which each procedural step was first attempted, and some steps demonstrated more variation , 29, and 56 by 6.7% each. The trend for step 11 to be initially endeavored later in training and exhibiting a greater spread when it was first undertaken may be a reflection of it being of greater difficulty than step 2 (difficulty III vs. difficulty I). There was a statistically significant relationship demonstrating that more difficult steps were first undertaken later in the study (p ¼ 0.021). This is illustrated in Figure 2 . Here, mentors have the role to advise fellows on their participation in surgery according to the competence exhibited to date. As more challenging technical skill is required for step 11, it is logical that it be attempted later in training than step 2. 15 The data are at risk of bias, as not all steps of the operation were performed the same number of times. To account for this, the training pathway designed also incorporates the frequency with which the fellows did each step. Steps done more frequently were prioritized for earlier in the pathway over those done more infrequently. The steps done less frequently were likely to have had a higher level of difficulty (p ¼ 0.011), a reason for mentors to postpone fellows from their first attempt until later in their surgical education. Furthermore, experience and dexterity gained from easier steps is of use when completing more complicated tasks. Thus, more frequent performance of these steps does not necessarily imply that harder steps are being neglected.
This modular pathway accounts for progression through the learning curve from easier steps to those requiring additional technical competence and experience. In 1936, T.P Wright described the practical application of learning curve theory to aeronautical manufacturing in the United States. 16 By comparing fellows' learning with productivity, he identified a relationship with reduced production cost. In surgery, the principle assumes that greater training time and larger caseloads translate to improved surgical skill, eventually reaching a level of "competence" with improved outcomes. At this point, the learning curve plateaus, indicating consistency in surgical practice. This is especially important when considering the steps in an operation that are most likely to compromise patient safety; usually the most technically challenging steps. 17 The approach incorporates "mastery learning" where training is based on achieving a defined standard in knowledge and skills as opposed to a specific time period. 18 Proficiency, rather than time-based learning, has been demonstrated to reduce complications in other specialties. 19 It remains to be seen whether the methodology may increase the efficiency of surgical training though it holds promise for improving quality of patient care. A modular approach to learning allows more senior surgeons to intervene when necessary in an operation, averting technical error and maintaining a safe, acceptable operative time. 2 Moreover, the training pathway enables practice to be undertaken in a range of settings in an era where fellows frequently operate under the supervision of a range of seniors often at a number of hospitals with variability in case complexity. One operation can be divided up between surgeons and still have a beneficial effect on the development of a fellow's technical skills while preserving patient safety as far as possible.
Knowledge of when fellows can be expected to consistently carry out these difficult steps with proficiency is important in surgical education to avoid poor outcomes. This study exhibits numerous strengths. Its prospective, longitudinal design observing the practice of 15 fellows and their mentors over 9 months and 426 RARP procedures enables a thorough analysis of trends in how surgeons train in reality. It uses a validated RARP Assessment Score to follow fellows. 4 The extensive content validation performed previously ensured that the important sub-steps of RARP were included in training surgeons. Systematic development of the modular pathway has been undertaken, incorporating the theories behind how to train surgeons and how this is undertaken in practice. The stepwise approach of increasing difficulty guards against surgeons attempting steps which are too complex, promoting the acquisition of competent operating and patient safety.
Limitations associated with the study include the small cohort of only 15 fellows; ideally a greater sample size would be used to increase the validity of findings and refine the modular pathway developed. Steps of RARP first undertaken were subject to numerous variables including patient details (step of disease, existing comorbidities), caseload at the center, and competition with other fellows for operative practice as a consequence of reduced training opportunities. 20 Future work should focus on integrating this modular pathway into a curriculum with didactic and simulated elements in addition to nontechnical skills training. Construct validity, acceptability, feasibility, and educational impact should be assessed through follow-up, surveying fellows, and assessment of patient outcomes.
CONCLUSION
An evidence-based modular training pathway was constructed. It displays content validity and promotes the integration of theory-based training models with the practicalities of surgical training. Progression from easier steps of RARP to those that are more difficult encourages the development of technical skill in preparation for more complex tasks. Further work is required to integrate this into a full curriculum for use in RARP and validate it for use in clinical practice.
